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1. Executive Summary

The City of Harlingen (City) was recently awarded funds from the American Rescue Plan
Act (ARPA) to construct drainage improvements to aid in mitigating flood risk within the
City. The City planned to construct a detention pond from their 2008 Master Drainage
Plan, however, the project site was no longer available and Halff Associates, Inc. (Halff)
was tasked with analyzing an alternate detention pond site location, including a City-
Owned property just southwest of the intersection of Wilson Rd. and N. Commerce St.
To assess the alternate pond site location, it was determined, in conjunction with City
staff, to initiate a master drainage study targeting the area around Lozano St., generally
northwest of the intersection of N. Commerce St. and Fair Park Blvd. (but extending as
far south as the railroad line). The project area identified is approximately 1.75 sg-mi in
area however, an approximately 4 sq-mi area was considered in the model to ensure that
all flows contributing to drainage features within the study area were accounted for in the
model. A project area map is provided in Exhibit 1 that highlights the extent of both areas.
The study included the identification of flood risk zones within the project area and the
development of constructable drainage mitigation alternatives. Additionally, the study is
intended to aid in the planning, design, funding procurement assistance, and construction
of a detention facility located along Lozano Street. Halff engineers met with City Staff
members on multiple occasions to understand City challenges and objectives, provide
updates on progress, to help validate the results of the existing conditions analysis and
mapping, and to assist the City with selection and prioritization of proposed drainage

improvements.

Halff developed a fully integrated hydrologic and hydraulic analysis covering the project
area with XPSWMM 2019.1 software incorporating best available topographic, drainage
infrastructure, and physical data. The model covered approximately 4 square miles of
subbasins and incorporated around 20 miles of drainage infrastructure (ditches, channels,
and storm drains). The analysis resulted in updated discharges and water surface
elevations for the 5-, 10-, 25-, 50-, 100-, and 500-year storm events.
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Existing roadway crossings and over 150 buildings are at risk of structural damage due
to flooding during the 25-year event within the project extents. Analysis of the existing
drainage infrastructure relative to the updated hydrology for the 10-year, 25-year, and 50-
year events indicate that typical sources of flooding stem from undersized downstream
culverts, insufficient storage capacity within existing infrastructure (including storm drain
systems and channels), and ponding in naturally low-lying areas. Other factors
contributing to flooding include the system outfalls to the North Main Drain, namely the
outfall from the T-Street Channel. Elevated floodwaters in the North Main Drain limit the
ability of the T-Street Channel to drain the study area during most storm events,
compounding the localized drainage issues within the study area. This Master Drainage
Study is designed to address the flooding issues in the areas draining to the T-Street
Channel and assess the impact of proposed detention facilities and subsequent storm
water conveyance improvements. This study does NOT include an evaluation of the
North Main Drain system. Risk area “hotspots” within the project area were verified with
City Staff members and carried forward for detailed investigation. These areas include
the subdivision southeast of the proposed detention facility along North Wichita Avenue
between Fair Park and Lozano St., the area between Fair Park and W. Jefferson Ave.,
and the area near West Teege Avenue and North T Street. It should be noted that the
third area on the west side of the study area is isolated from the city-proposed pond
location adjacent to Lozano St. by an elevated irrigation canal. As such, it was not
feasible to provide drainage relief on the west side of the study area by utilizing detention
areas on the east side. As such, and due to limited options based on existing land areas
and high tailwater conditions in the North Main Drain, an additional detention area was
assumed on a large agricultural tract of land adjacent to the expressway. It should be
noted that this may not be a cost-feasible solution, however, the modeling results provide
an indication of the level of mitigation required to provide a meaningful impact in that

region.

This report addresses the structural flood reduction alternatives considered to help reduce
flood risk in the identified areas. Alternatives considered include the construction of a
regional detention pond facility and improved storm drain conveyance. In total, there are
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three mitigation projects presented in this report including (Note: Project numbers are for

identification purposes only and are not indicative of a priority ranking):

Project 1: Lozano Street and North Wichita Avenu  e. This project includes the
construction of two detention ponds; one +13-acre pond northeast of Lozano Street
and one xl-acre pond southwest of Lozano Street along with associated storm
sewer upgrades. A detailed description of the project improvements is presented
in Section 4 and Exhibit 9 .

Project 2: Fair Park Boulevard and West Jefferson A venue. This project builds
off of the improvements proposed in Project 1 , with the addition of two detention
ponds, one £2-acre pond along Wichita Avenue and one +3-acre pond along North
L Street. Additionally, the storm water trunk line along Fair Park Boulevard, North
Eye Street, West Jefferson Avenue, and North L Street would be upgraded. A
detailed description of the project improvements for this mitigation alternative is

presented in Section 4 and Exhibit 10 .

Project 3: North T Street and West Teege Avenue) , This project involves the
construction of a +22-acre regional detention facility (RDF) along North T Street
and the North T Street Channel, with upsizing of the storm water trunk lines along
North R Street, West Teege Avenue, Lafayette Avenue, and North T Street. As
previously noted, options for addressing drainage on the west side of the elevated
irrigation canal are limited and this option may not be feasible, however, the
analysis was run to show the impact that additional storage area could have on

high flood risk structures in the western side of the study area.

1.1 Summary/Results

The overall results of implementing Project 2 include removal of nearly 80% of flooded
structures for the 10-year rainfall event, nearly 60% removal for the 25-year event and
over 40% for the 100-year event. The preliminary estimated cost of implementing Project
2 is approximately $15.9 M. If proposed improvements are limited to what is proposed

for Project 1, those percentages go down to approximately 40%, 38%, and 24% for the
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10-, 25-, and 100-year rainfall events respectively. The preliminary estimated cost of

implementing Project 1 is approximately $9.4 M.

2. Introduction and Background

2.1 Project Objectives

The purpose of the City of Harlingen Master Drainage Study is to support the planning,
design, funding procurement assistance, and construction of a detention facility along
Lozano Street as well as identify structural solutions to flooding issues. This was
completed through the development of a detailed 2-D stormwater runoff model that will
be provided to the City for future planning efforts. The following items are addressed in

this report:

1. Hydrologic and Hydraulic Models - A new hydrologic and hydraulic model was
developed for the existing conditions of the project area, with an emphasis on the
areas draining to the T Street Channel, using best available physical data. The
input data, methodology, assumptions and model results are described in this

report.

2. Floodplain Mapping- The 5-, 10-, 25-, 50-, 100-, and 500-year floodplains for the
project location have been generated from the new existing conditions model and

overall post-projects model, included with this report.

3. Mitigation Solution Development-  Flood mitigation solutions are proposed for
several risk areas identified by the hydrologic and hydraulic model and were vetted

through multiple coordination meetings with City Officials.

2.2 Community and Watershed Description

The City of Harlingen is located within District No. 5 of Cameron County (CCDD5), Texas
in the Rio Grande Valley (“Valley”). Figure 1 provides a location map of the City of
Harlingen relative to other cities and geographic features in the area along with the
primary hydrologic features in Cameron County. The natural geography of these areas is

characterized by extremely flat terrain and localized depressions that are influenced by

Page | 8



Halff Associates, Inc.
1075 Paredes Line Rd., Suite B
Brownsville, TX 78521

historical flooding from the Rio Grande River and Arroyo Colorado deltas. Natural
drainage patterns and drainage boundaries are difficult to identify, posing an unknown
risk for several areas within the area. Additionally, constructing conveyance networks (i.e.
storm drains, channels, irrigation networks, etc.) change the natural flow patterns of the

area, oftentimes making it more difficult to identify and mitigate the flood risk.

The Arroyo Colorado is the receiving body of water for most constructed drainage
systems on the south side of the City with the relief floodway channel, the North Main
Drain (maintained by the Texas Water Development Board (TWDB) and CCDD5 through
the City of Harlingen) draining the majority of north Harlingen. The current, effective Flood
Insurance Study (FIS) for the City of Harlingen was published on February 3, 1981, with
subsequent areas outside of the city limits studied in 1983 and 1999. The studies have
yielded Flood Insurance Rate Map (FIRM) panels 48061C0255F (dated 04/16/2018),
48061C0260F (dated 04/16/2018), 48061C0265F (dated 04/16/2018), and
48061C0270F (dated 04/16/2018). The panel that covers the study area is 48061C0255F
and is show in Exhibit 5 . This area was not considered during effective mapping as the
area is shown to be a FEMA Zone X. The FIS reports relating to FIRM panel
48061C0255F (Appendix A ), which contains a majority of the City of Harlingen, explains
that the major source of flooding for the city was due to the slow rate at which water can
leave through the North Main Drain, resulting in inefficient storm drain conveyance and
prolonged local flooding exaggerated by the area’s flat terrain. To map the effects of
ponding, mapping was generated based on a stage (elevation) and storage (volume)
method. A volume for the 100-year storm event was estimated using the SCS method.
The volume was then applied to a topographic map of one-foot contours. At each stage,
a volume was estimated to be captured within that contour elevation. The current mapping
is a result of the full 100-year flow being contained within a given elevation for each

primary ponding area.

A Master Drainage Plan was previously developed for the City of Harlingen in 2008, which
identified 68 Capital Improvement Projects (9-Drainage Ditches, 59-Storm Sewers)

totaling over $53 million to mitigate for the 5-year storm primarily. Modeling platforms
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used for the 2008 study included HEC-HMS and HEC-RAS Steady State (channels and
drainage ditches) and EPA-SWMM 5.0 (storm sewers), along with the United States
Geological Survey Atlas of Depth-Duration Frequency of Precipitation Annual Maxima for
Texas (SIR 2004-5041, Asquith and Roussel) rainfall data. Halff reviewed the 2008
Master Drainage Plan to better understand how the City’s drainage system was laid out
and to incorporate the inventory of existing structures along with geodata provided by the
City. Seven channels and storm drain networks, totaling approximately 20 miles, were
restudied and optimized based on the integrated hydrologic and 2D hydraulic modeling
methods for this Master Drainage Study. In particular, two channels, not including the
North Main Drain, and storm drain networks, totaling approximately 12 miles, have been

identified as contributing to this report’s identified risk areas.

Figure 1. City of Harlingen Location Map
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2.3 Historical Flooding

The Rio Grande Valley has experienced several major storms over the last 50 years that
have been well documented, including Hurricane Beulah (1968), Hurricane Alex (2010),
and May 2016 flooding that resulted in a Federal Disaster Declaration. Between June 18
and 22, 2018, torrential rainfall causing widespread flooding occurred across the Valley.
Many areas received more than 10-inches of rainfall with isolated areas in Harlingen
experiencing greater than 16-inches. This rain event caused flood damage to thousands
of structures across the Valley and in Harlingen. Figure 2 shows the accumulated rainfall
resulting from the June 18-22, 2018, rain event according to Advanced Hydrologic
Prediction Service (AHPS), Automated Surface Observing System (ASOS), Community
Collaborative Rain, Hail, and Snow Network (CoCoRaHS), and Cooperative Observer
Network (Co-OP).

Figure 2. June 18-22, 2018, Rainfall Map
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More recently, between June 24 and 25, 2019, much of the Valley experienced a rainfall
event nearly equivalent to that observed in 2018. Multiple areas once again received more
than 10-inches of rainfall with isolated areas in Harlingen experiencing upwards of 10-
inches. Figure 3 shows the accumulated rainfall resulting from the June 24-25, 2019,
rain event according to Advanced Hydrologic Prediction Service (AHPS), Automated
Surface Observing System (ASOS), Community Collaborative Rain, Hail, and Snow

Network (CoCoRaHS), and Cooperative Observer Network (Co-OP).

Figure 3. June 24-25, 2019, Rainfall Map

Throughout the City of Harlingen, several roadways overtopped, and structures were
inundated for days after each storm. Figures 4 and 5 are images taken in or near the

City of Harlingen after the storm events had passed through the area in 2018 and 2019.
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Figure 4. Flood Photo June 2018, in Harlingen, TX

Figure 5. Flood Photo 06/25/2019 at Industrial Boul evard and US-77
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3. Methodology and Existing Conditions Analysis

3.1 Data Collection

To assess the current flood risk for the study area, existing hydrologic and hydraulic
information was gathered from several sources including: the City of Harlingen, Texas
National Resource Information System (TNRIS), Texas Commission on Environmental
Quality (TCEQ), the Natural Resources Conservation Service (NRCS), the United States
Geological Survey (USGS), the United States Fish and Wildlife Service (USFWS), the
Texas Parks and Wildlife Department (TPWD), and the Federal Emergency Management
Association (FEMA).

Field reconnaissance was performed on February 17, 2022, to observe previously
identified areas of concern after presenting the existing conditions results to City Staff. All
elevations were based on 2018 TNRIS LiDAR which has a cell size of approximately 3.28

feet (1 meter). The following items were collected and utilized to aid in this analysis:

- Field verified culvert sizes within key hotspot areas previously identified.

- City of Harlingen provided storm drain network layout in GIS.

- NRCS Land Use coverages and hydrologic soil groups.

- Cameron County Drainage District No. 5 provided drainage areas, channels, and
culverts in GIS and maps.

- 2008 City of Harlingen Master Drainage Plan (primarily used to verify culvert and
storm drain alignments and sizes).

- Wetland, Biological Elements, Cultural Resources, Hazardous Materials, and
Social Implications data used for Environmental Constraints Analysis in GIS
(USFWS, TPWD, TCEQ).

3.2 Modeling Platform

A combination One-Dimensional and Two-Dimensional (1D/2D) model was built to
simulate complex flood scenarios using the Innovyze XPSWMM (Storm Drain and

Sanitary Sewer Modeling) software platform, a comprehensive hydrodynamic model that
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performs both hydrologic and hydraulic computations. These 1D/2D models simulate the
interactions between underground storm drain networks, open channels, and shallow
overland flooding across a detail terrain. The primary benefit of using these 1D/2D models
is their ability to account for storage of storm water as they enter and leave the 1D
systems onto areas of overland flow. The complete drainage model of the watershed was
used to simulate the behavior of the existing drainage systems for the 24-hour design

storms for the 5-, 10-, 25-, 50-, 100-, and 500-year return intervals.

3.3 Hydrologic Analysis

A hydrologic analysis was performed for the entire study area including an analysis of key
areas outside of the region that drain towards the site, primarily from the north and the
west. The 2008 City of Harlingen Master Drainage Plan completed a detailed hydrologic
assessment of the area, developing a corresponding HEC-HMS model for the City. This
information has since become outdated with increased development occurring within the
City and higher rainfall estimates through the publication of NOAA’s Atlas 14 Point
Precipitation Frequency Estimates. The following sections outline Halff's assumptions

and methodology for the study.

3.3.1 Drainage Areas

Drainage areas were characterized for all major and minor drainage networks, consistent
with the 2008 City of Harlingen Master Drainage Plan Storm Sewer System Map, shown
in Exhibit 6 . Areas studied during the 2008 MDP that were reevaluated for this study

include the following systems:

- S019 - S163 - S228
- S021 - S207 - S232
- S105 - S224 - S233
- S121 - S225 - S236
- S130 - S226 - S241

Drainage basins were re-delineated using Arc Hydro, a GIS software extension, and 2018
TNRIS LIDAR terrain elevations, and range in size from a minimum of 4.5 acres to a
maximum of 3,500 acres. Larger drainage areas were used to represent the regions west

Page | 15



Halff Associates, Inc.
1075 Paredes Line Rd., Suite B
Brownsville, TX 78521

and north of the project area draining to the North Main Drain to establish tailwater and
downstream boundary conditions for the drainage networks within the interior of the study
area. Smaller drainage areas were delineated in areas where additional detail is required
to evaluate conditions at a storm drain level. These areas were more consistent with the

level of detail provided during the 2008 Master Drainage Plan.

3.3.2 Precipitation

Storm frequency data was obtained from the National Oceanic and Atmospheric
Administration (NOAA) Atlas 14, Volume 11, Version 2 Precipitation for 24-hour storm
durations and applied as an HEC-HMS Frequency Storm event with TP40 Areal
Reduction. Atlas 14 was first published on September 27, 2018 and is a reassessment of
historical rainfall data, adding 20 years of data to the 1998 USGS Depth-Duration
Frequency of Precipitation for Texas report, currently used by most communities including
the City of Harlingen. On average in Cameron County, Atlas 14 indicates that the 100-
year event is closer to the rainfall previously considered the 250-year event, averaging
11.8 inches of rainfall in a 24-hour storm. Figure 6 contains the rainfall depth-duration-
frequency data used in this study, in inches.

Figure 6. Rainfall Depth-Duration-Frequency (inches )

5-Year 20% 260 | 3.20 354|413 | 472 | 536 | 6.12 | 6.62 | 6.98 7.74
10-Year 10% 3.06 | 3.81 425|503 | 579 | 6.61 | 755 | 8.15 | 8.56 9.40
25-Year 4% 3.68 | 4.67 | 5.27 | 633 | 7.38 | 847 | 9.69 | 104 | 10.9 11.8
50-Year 2% 415533608 |738| 869 | 101 | 115 | 123 | 12.9 13.8
100-Year 1% 462 1 6.03|695|855| 10.2 | 11.8 | 13.6 | 145 | 15.0 15.9
500-Year 0.2% 578 17921940119 144 | 169 | 19.0 | 20.2 | 20.8 21.9

3.3.3 Rainfall-Runoff Losses

All rainfall-runoff was computed using the SCS Curve Number method, developed by the
Natural Resources Conservation Service (NRCS). This method is used to predict the
direct runoff and infiltration of an area based on the area’s land use, hydrologic soil group,
and hydrologic condition.
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Land use estimates were prepared using GIS data obtained from the NRCS land
classifications datasets. Land use data provides an estimate of runoff potential with
greater levels of impervious cover resulting in increased runoff potential. The predominant
land use type for the drainage areas contributing to the project area, are low- to medium-
density developments, including One Family Dwelling Districts (R-1). R-1 designation
includes single-family dwellings, schools, public parks, farms and churches. Low- to
medium-density density developments typically vary with percent impervious covers,
ranging between 20% to 49% and 50% to 79%, respectively. For the purposes of this
Drainage Plan, as most of the area is a fully developed urban setting, existing and future

land use values are assumed to be constant.

Soils data was acquired from the Web Soil Survey provided by the NRCS Soil Survey
Geographic Database (SSURGO). Soil properties influence the relationship between
rainfall and runoff dependent on their physical characteristics. Soils are generally grouped
into four hydrologic soil groups (A, B, C, and D) each having increasing runoff potential.
As shown in Exhibit 7 , the predominant soil group for the drainage areas contributing to
the project area is Hydrologic Soil Group C. These soils are generally classified as clay

loam, having slow infiltration rates and moderate to high runoff potential.

Data from the NRCS land classification datasets and SSURGO were classified into curve
number data according to the runoff curve numbers in Tables 2.2 A, 2.2 B, and 2.2C from
the 1986 NRCS Urban Hydrology for Small Watersheds TR-55 document. The higher the
curve number, the greater surface runoff potential. Curve Numbers were computed based
on a composite percentage of soil type and land use within each subbasin. Figure 7
provides the simplified Curve Number Classification used in the analysis.
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Figure 7. Curve Number Classification Table

11 Water 100 100 100 100 3%
21 Developed Open Space 57 72 81 86 30%
22 Developed Low Intensity 61 75 83 87 40%
23 Developed, Medium Intensity | 77 85 90 92 60%
24 Developed, High Intensity 89 92 94 95 75%
31 Barren Land 38 58 72 79 10%
41 Deciduous Forest 30 55 70 77 0%
42 Evergreen Forest 30 55 70 77 0%
52 Shrub 35 56 70 77 10%
71 Grassland/Herbaceous 30 58 71 78 5%
81 Pasture/Hay 39 61 74 80 3%
82 Cultivated Crops 67 78 85 89 3%

3.3.4 Unit Hydrograph Method

The SCS Dimensionless Unit Hydrograph method was used to generate runoff
hydrographs. Time of concentrations were computed based on the 2016 Texas
Department of Transportation (TxDOT) Hydraulic Design Manual using the Natural
Resources Conservation Service (NRCS) TR-55 methodology for overland sheet flow
(Equation 4-17), shallow concentrated flow (Equation 4-18), and channel flow (Equation
4-19), which is based on a derivation of the Manning's equation. As no drainage criteria
was provided by the City of Harlingen, no minimum or maximum assumptions were made
for any component of the time of concentration calculations (sheet, shallow concentrated,
and channel flow). Calculated values reflect the existing conditions of the area and may

be viewed in Table 1.

3.4 Hydraulic Analysis

3.4.1 Hydraulics Platform
Innovyze XPSWMM software allows for complex 1D/2D flow interactions appropriate for
the study area. The 1D network uses links to model conveyance (underground storm

drains, open channels, culverts) and nodes (junction boxes, inlets, manholes) to connect
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these links. Links are separated to account for any significant hydraulics changes
associated with the conveyance system geometry (i.e. Manning’s roughness values,

junction loss coefficients, friction slope, etc.).

Flow exchange between the 1D and 2D aspects of the model is primarily performed via
the connection between nodes and the 2D model mesh (Figure 8). The 2D mesh was
created as a triangulated irregular network (TIN) using existing gridded 2018 USGS LIiDAR
terrain (3.28-foot x 3.28-foot spatial resolution) data, provided by TNRIS, and ranges from a
10-foot x 10-foot to 20-foot x 20-foot cell size, depending on the level of detail required.
Figure 9 is of the same area shown in Figure 8 and shows the results of the 2D flow onto
the surface mesh.
Figure 8. 1D/2D Model Snapshot
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Figure 9. 1D/2D Model Results Snapshot

3.4.2 Hydraulics Parameters

All known and significant storm drainpipes were provided by the City of Harlingen in a
comprehensive ArcGIS shapefile or were extracted from the 2008 City of Harlingen MDP
EPA-SWMM 5.0 model. The GIS shapefile included the storm drain systems of pipes
ranging in size from 10 inches to 72 inches and concrete boxes upwards of 10-foot x 9-
foot. Storm drain alignments and geometric properties were imported into the XPSWMM
model from the 2008 City of Harlingen Master Drainage Plan Storm Sewer System Map,
shown in Exhibit 8 , through a series of conversions from EPA-SWMM 5.0. The systems
identified in both of the provided datasets were cross-referenced to ensure consistency
and that the best available data was applied to the existing conditions XPSWMM model.
All identified storm drains and open channel information were applied to the model as 1D
link features. All 1D features were connected to the 2D surface via 1D/2D connections
where water had the potential to leave system. When channel banks or storm drains could
no longer contain the stormwater flow, the excess volume was allowed to discharge and
flood the 2D surface through manholes, inlets, and channel banks. Flow from the 2D

mesh was set to enter the 1D network via manhole nodes using standard weir equations.

The following hydraulic assumptions were made using standard engineering principals,

including the following:
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Manning’s roughness coefficients for existing storm drain networks were assumed
to be 0.015 (concrete pipe in good to poor condition) based on previous studies.
Open channel geometry was derived using 2018 TNRIS LIDAR and site
inspections, where applicable, and limited to top of bank.

Invert elevations at 1D nodes in the North Main Drain lowered to account for
apparent baseflow observed during the processing of the 2018 TNRIS LiDAR.
The terrain mesh triangular area are sized at 400 square feet in open areas
requiring less detail (open fields) and 100 square feet along open channel systems.
2D areas were broken into three land use categories with Manning’s roughness
coefficients of 0.018 (Pavement/Streets), 1.00 (Structures), and 0.045
(Undeveloped/Open Space).

Downstream boundary conditions varied from Free Outfall (Normal Depth), Head-
Flow Boundaries (Friction Slope), Rating Curves, or Stage Hydrographs based on
previous studies or iterations of the newly developed existing conditions model.
Entrance and exit loss coefficients for storm drains were applied to all 1D link

features and adhere to the following standards in Figure 10.

Figure 10. Entrance and Exit Loss Coefficient Stand  ards
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3.5 Existing Conditions Model Results

The Innovyze XPSWMM 1D/2D model revealed areas of high probable flood risk across
the City of Harlingen. Exhibit 10 shows the XPSWMM 1D/2D model network with the 25-
year flood risk shown. The model results shown were imported into GIS software to
develop preliminary floodplain maps for City review. Exhibits 9, 10, and 11 contain the
existing conditions floodplain maps for the 10-year, 25-year, and 100-year events,
respectively. Table 2 contains the Summary of Discharges for Subbasins, Nodes, and
Conduits/Open Channels (Links). Table 3 contains the Hydraulic Summary Information

of the Water Surface Elevations at the nodes for the 25- year event.

Analysis of the model shows that the primary sources of flooding during 25-year storm
are due to backwater from the North Main Drain into the T Street Channel, undersized
storm drain networks with the inability to convey stormwater away from developed areas

of the city, and insufficient applications of regional stormwater detention.

In addition to maximum flood depth, the existing conditions model contains a time series
of flow, depth, and direction across the project area, to better understand the timing and
duration of flooding. Overall, the existing conditions model revealed approximately 166
structures near or within the 25-year floodplain relative to the finished flood elevations of
the structures, assumed to be 6-inches above the lowest adjacent grade. Figure 11
presents a breakdown of flooded structures for the 5-, 10-, 25-, 50-, 100-, and 500-year

design flood.

Figure 11. Existing Number of Structures at Risk.

Structures 20 72 166 268 401 643

Several “hot-spot” areas were identified for a higher risk of flooding and presented to the
city for review as discussed below. City Staff provided feedback on the identified areas
and was in general agreement with the preliminary results of the existing conditions
model. The discussed “hot-spots” identified three project areas within the extents of the

City of Harlingen Drainage Study that were studied in greater detail to determine
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mitigation solutions for flooding. These project areas encompassed all “hot-spot” areas
that had been identified during initial project scoping meetings and subsequent meeting

with City Staff.

The Primary Risk Areas identified for the identification of mitigation solutions are

summarized as follows:

1. North Wichita Avenue and Lozano Street : Encompasses the area north of Fair
Park Boulevard, along North Wichita Avenue, to the area of interest along Lozano
Street where the City has discussed the development of a detention facility. This
area addresses the flood risk observed near the Harlingen Police Department and

all of the neighborhoods adjacent to North Wichita Avenue.

2. North Eye Street and West Jefferson Avenue : Encompasses the
neighborhoods south of Fair Park Boulevard to Madison Avenue, with the highest

observed flood risk occurring along North Eye Street and West Jefferson Avenue.

3. West Teege Avenue and North T Street : Encompasses the neighborhoods
adjacent to West Teege Avenue between North U Street and North Q Street. Also
includes the neighborhoods north of West Teege Avenue between North T Street

and North R Street. Risk area includes a further evaluation of the T Street Channel.

Each of the risk areas identified above experienced flooding during the June 2018 and
2019 events. These areas are outlined in Exhibit 11 . It is estimated that rainfall amounts

were comparable to a 500-year storm event in isolated areas.

3.6 Preliminary Environmental Review

A preliminary desktop level review of available environmental datasets was completed to
evaluate potential environmental considerations within the project area. This was done
to identify potential environmental studies and/or permits that may be triggered from
proposed mitigation projects within the area. The following paragraphs provide a general

overview of the project area with respect to critical environmental parameters.

Several datasets were collected and mapped to characterize the general environmental
conditions of the site and identify potential constraints that may require additional
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consideration during project design phases. Datasets that were collected as part of this
evaluation include: TR-55 Land Use Classifications, USDA Hydrologic Soil Groups,
USGS National Hydrography Dataset, FEMA National Flood Hazard Layer, USFWS
National Wetland Inventory, USFWS Ciritical Habitat, TPWD State Parks, TPWD Wildlife
Management Areas, THC Historical Markers, TCEQ Superfund Sites, and TEA Schools.

The most significant finding of this preliminary level review was the identification of a

superfund site, Niagara Chemical, in the southeast section of the project area.

4. Alternative Analysis

The primary mitigation strategy that was investigated during this study was the placement
of a regional detention facility to the northeast of Lozano Rd as directed by City of
Harlingen staff. However, Halff was also tasked with identifying other potential strategies
to address flooding within the study area and improve accessibility of the Police Station
on Fair Park Blvd. during a flood event. Further, City staff indicated that a phased
approach towards implementing flood mitigation improvements may be required. As
such, the two mitigation alternatives presented for the eastern side of the site (Project 1
and Project 2) are additive with Project 2 encompassing and building upon all
improvement included in Project 2. Mitigation solutions were optimized for the 25-year
rainfall event while reducing flooding for the 50-year and 100-year events as much as
was feasible. New proposed detention facilities were first considered in areas currently
owned by the City of Harlingen and included city parks and open space. Additional open
area properties, primarily land used for agricultural purposes, were considered next and
included a property acquisition cost as part of the cost estimate, as presented in Section
5. Properties with existing structures were considered infeasible due to the high cost
associated with relocating them. Additionally, it should be noted that detention pond
depths were estimated based on observed depths in adjacent storm sewer manholes as
geotechnical data was not available at the time of the study. Geotechnical data should
be collected during engineering design phase to confirm constructed pond depths and

associated stormwater volumes.
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Due to the elevated irrigation canal traversing the project area from north to south,
improvements on the east side had little to no impact on flooding issues on the west side.
While there was no City-owned property on the west side of the study area, there was a
large agricultural piece of land directly adjacent to the expressway. While land costs and
other considerations may make use of this site as a detention pond infeasible, the lack of
available land to create detention and provide flood relief to the western side of the study
area facilitated a planning level option using that area. This option is described in detail
in Project 3 and was identified as one of the only options to address flooding on the west

side without addressing tailwater conditions in the North Main Drain.
The three mitigation projects modeled in this study are as follows:

Project 1. Lozano Street and North Wichita Avenu e (Exhibit 9) . This project
includes the construction of two detention ponds: one £13-acre pond northeast of
Lozano Street and one +1-acre pond southwest of Lozano Street, with upsizing of
the storm water trunk line along Wichita Avenue and Fair Park Boulevard. Existing
infrastructure varies between one - 18" reinforced concrete pipe (RCP) and one -
42" RCP, based on City of Harlingen storm drain alignments. Proposed
improvements include a single 8x4’ reinforced concrete box (RCB) from West
Memphis Street to the Lozano Street detention pond, a single 8'x3’ RCB from Fair
Park Boulevard to West Memphis Street, and a single 5'x3’ RCB along Fair Park
Boulevard towards North Commerce Street. Detention pond southwest of Lozano
Street will tie-in to the existing 48" RCP along the Number One Canal through one
- 42" RCP (inflow) and one - 24" RCP (outflow). The detention pond northeast of
Lozano Street will tie-in to the existing single 6’x3’ RCB underneath the Number
One Canal through one - 36” RCP.

Project 2: Fair Park Boulevard and West Jefferson A venue (Exhibit 13) ,
Project 2 builds off of the improvements proposed in Project 1, with the addition
of two detention ponds, one +2-acre pond along Wichita Avenue and one £3-acre
pond along North L Street. Additionally, the storm water trunk line along Fair Park

Boulevard, North Eye Street, West Jefferson Avenue, and North L Street would be
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upgraded. Existing infrastructure varies between 1-18" reinforced concrete pipe
(RCP) and 1-48" RCP, based on City of Harlingen storm drain alignments.
Proposed improvements include three — 30" RCPs along Fair Park Boulevard, two
additional parallel 36” RCPs along North Eye Street and West Jefferson Avenue
and an additional parallel 48" RCP along North L Street. Along North H and North
J Street, a single — 36” RCP is proposed to tie-in to adjacently proposed system.
Along North Eye Street, south of West Jefferson Avenue, an additional single —

36" RCP is proposed to the intersection with Jackson Avenue.

Project 3: North T Street and West Teege Avenue (Ex hibit 17) , Construction of
a +22-acre regional detention facility (RDF) along North T Street and the North T
Street Channel, with upsizing of the storm water trunk lines along North R Street,
West Teege Avenue, Lafayette Avenue, and North T Street. Existing infrastructure
varies between 1-15” reinforced concrete pipe (RCP) and 1-48” RCP, based on
City of Harlingen storm drain alignments. Proposed improvements include the
removal of existing systems along the aforementioned trunk lines, and the
following replacements, one — 8'x5’ RCB along North T Street at West Teege
Avenue and transitioning to two — 8'x’5 RCBs near Sunset Circle to the proposed
RDF. An additional parallel 48" RCP is proposed along North R Street from West
Teege Avenue to Lafayette Avenue to the proposed RDF. Along Sunset Circle, a
single 8'x4’ RCB is proposed between North T Street and North R Street. Along
West Teege Avenue, west of North T Street, a single 6'’x4’ RCB and 8'x5’ RCB are
proposed. Along West Teege Avenue, east of North R Street, a single 6'x4’ RCB
and 6'x3’ RCB are proposed.

All three projects were modeled within Innovyze XPSWMM 2019.1, using the existing

conditions model as a base. As mentioned previously, future land use conditions were

not incorporated into the proposed conditions analyses as the effects of the land use

changes were deemed negligible. The primary benefit of using the XPSWMM 1D/2D

modeling software is that existing conditions model can be reviewed in relation to time.

The result of the model is an animated depiction of how water is flowing, making it easier

to determine what was the main factor that was causing the flooding in each and/or near
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each project area. Having this insight is instrumental in determining the appropriate
mitigation solution such as storm drain improvements, culvert replacement or additions,

and the integration of regional detention facilities.

Proposed storm drain improvements were primarily limited to existing right-of-way as
provided by the Cameron County parcel data and most improvements were adjacent to
and/or replacements of existing infrastructure. In areas where property acquisition will be
required, an acquisition cost (based on the Cameron County Appraisal District values)
was included in the project cost estimate based on a necessary ingress/egress access
width.

Alternative solutions were optimized to the limits of available land acquisition and right-
of-way and modeled for the 5-, 10-, 25-, 50-, 100-, and 500-year storm events.

Overall, implementation of Project 1 resulted in the removal of approximately 61 out of
166 at risk structures from the 25-year floodplain and a reduction in predicted water
surface elevations of up to approximately 1.3-ft. A summary of the hydraulic results for
Project 1 relative to existing conditions may be viewed in Table 3. A summary of
structures removed from the floodplain is provided in Figure 11.

Project 2 was developed as an expansion of Project 1 to increase the level of flood
mitigation provided to the region. The results of this analysis revealed that approximately
99 out of 166 at risk structures were removed from the 25-year floodplain. This represents
an approximately 60% removal rate compared to under 40% for Project 1. The resulting
10-year, 25-year, and 100-year floodplains based on the modeled implementation of
Projects 1 may be viewed in Exhibits 10-12 . The same floodplains for Project 2 are
displayed in Exhibits 14-16.

Project 3 was developed to attempt to address some of the flooding issues on the west
side of the study area that is isolated from the benefits of the proposed improvements in
Project 1 and 2 by the elevated irrigation canal dividing the project area. With T-St Ditch
and NMD being at capacity during most simulated rainfall events, combined with limited

space for stormwater detention, the only available, and potentially sufficient, space for
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detention was the agricultural plot adjacent to 1-69. Due to the location of the property
and assumed costs, this may not be a feasible solution. However, it was modeled to
provide an assessment of the impact it could have on the west side neighborhoods that
have been identified at risk from the Existing Conditions analysis. The analysis indicates
that for a 25-yr storm, an additional 68 structures would be removed from the floodplain.
When combined with Project 2, this would be a full removal of structures from the
floodplain. Preliminary cost estimates associated with the implementation of Project 3
total over $19 M. Exhibits 17-20 present the layout of the proposed improvements
associated with Project 3 along with the resulting floodplains for the 10-, 25-, and 100-

year rainfall events.

Mitigation opportunities for the 100-year and 500-year events were not considered
feasible with proposed project limitations. Potential mitigation for the 100-year or 500-
year events could include property buy-outs to increase available land for larger storm
drain systems and/or detention ponds to convey and store the increase of stormwater
runoff. Alternatively, significant improvements to the NMD would be required to eliminate

backwater effects on the T-Street Ditch.

Figure 12. Summary of Structures at Risk for Existi ~ ng Conditions, Project 1 and

Project 2

STRUCTURES REMOVEL- 0.5' WSEREDUCTION

NUMBER OF STRUCTURES AT-RISK NUMBER OF STRUCTURES REMOVED

EXISTING

ALTERNATIVE
1

ALTERNATIVE
2

ALTERNATIVE
&

ALTERNATIVE
1

ALTERNATIVE
2

ALTERNATIVE
&
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43
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41

29
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31

25-Year

166

105

67

98

61

38

68
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401

304

222

357

97

82

44

Note: Alternative 2 is assumed to be an extendigiiternative 1, results shown assume Alternatibad been previously constructed.
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5.0 Project Costs

Preliminary project costs were developed using quantity estimates and unit prices from
resources such as Cameron County Appraisal District, Texas Department of
Transportation and recent bid tabulations of previous Halff projects within South Texas.
The cost estimates are preliminary and should be considered a rough approximation of
the probable cost. The costs assume that no utility relocations will be required. More
detailed, and precise costs would be developed during engineering design phase.
Breakdowns of project costs for Projects 1, 2, and 3 are provided in Tables 4 - 6. The total
project cost for each option, including design costs and a 30% contingency are
approximately $9.4 M, $15.9 M, and $19.9 M respectively.

6. Proposed Alternative

The proposed alternative based on the analysis discussed in this report is to implement
Project 2 using a phased approach. This project provides the greatest flood mitigation
benefit to the study area and removes approximately 60% of structures flooded under
existing conditions from the floodplain. The majority of the structures remaining in the
floodplain are located on the west side of the elevated irrigation canal and would need to
be addressed in a separate project as discussed in Section 4. While specific phasing
would be addressed during design phase, it is anticipated that work could begin by
excavating the large detention pond on the northern end of the project area. Then
depending on budget cash flows, storm sewer upgrades and additional pond areas could

be phased in to reach the maximum benefit of the fully implemented project.

The flooded areas on the west side of the irrigation canal would need to be addressed
with a separate project. Project 3 illustrates the amount of storage that would be required
to make a significant impact towards flood mitigation in that area. Short of the large
agricultural tract adjacent to the freeway that was identified, space for detention storage
is limited. If it is determined to be infeasible to acquire that acreage and dedicate it for
stormwater detention usage, it is believed that improving drainage in this area would
require improvements to the larger North Main Drain ditch that would allow for more
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efficient discharge from adjoining ditches, such as the T-St. ditch, to move flow more

quickly away from the area.
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